Slurry acidification using sulfuric acid reduces ammonia emissions but also affects sulfur (S) cycling. Emission of sulfur is a source of malodor and reduces the sulfur fertilizer value of the slurry. We investigated the effect of sulfate and methionine amendments, alone or in combination with acidification, on sulfur transformations in slurry and emissions of volatile sulfur compounds (VSC) during storage of fresh and aged cattle slurry. When pH was lowered to 5.5 it resulted in an almost complete inhibition of sulfate reduction. There was a huge emission of hydrogen sulfide (H 2 S) with addition of sulfate and methionine (P < 0.01). Methanethiol (MT) was emitted in treatments with addition of methionine, especially when simultaneously acidified (P < 0.01). The large H 2 S production in the sulfate-amended slurries resulted in little accumulation of MT and dimethyl sulfide (DMS) under neutral conditions, in contrast to acidic conditions where the degradation was inhibited and both MT and DMS accumulated. Based on odor activity values, untreated slurry had little odor development from S compounds, especially the aged slurry. Acidification did not significantly increase odor contribution from any of the compounds in fresh or aged slurry. Generally, addition of a sulfate increased the contribution from H 2 S dramatically, whereas acidification lowered the H 2 S contribution but increased that of MT. Thus, acidification of slurry with sulfuric acid may potentially produce more odor from S compounds than untreated slurry.
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Sulfur Turnover and Emissions during Storage of Cattle Slurry: Effects of Acidification and Sulfur Addition
Jørgen Eriksen,* Astrid J. Andersen, Henrik V. Poulsen, Anders Peter S. Adamsen, and Søren O. Petersen I n Europe NH 3 emissions from livestock manure account for up to 80% of total emissions (Sommer et al., 2006) , which can harm surrounding nature as a result of acidification and eutrophication (Berendse et al., 1988; Metcalfe et al., 1998) . Acidification of animal slurry is a well-known technique to reduce ammonia volatilization (Sommer and Hutchings, 2001 ). In one concept it is performed by pumping a batch of slurry from slurry channels to an outside process tank where the pH is lowered to 5.5. This is followed by recycling into the building, with the result that the pH of newly deposited excreta is quickly reduced. Ammonia emissions from pig production buildings can be reduced by 70% with this technique (Kai et al., 2008) , and the subsequent utilization of nitrogen in the field has also been demonstrated to be higher (Sørensen and Eriksen, 2009) . Recently, the acidification technique has furthermore been demonstrated to have a significant potential for greenhouse gas mitigation as methane emission during storage of cattle manure was reduced by 67 to 87% (Petersen et al., 2012) .
Slurry acidification to pH 5.5 requires approximately 5 kg of sulfuric acid per ton of slurry, equivalent to 1.6 kg SO 4 -S t −1 slurry. As the sulfate content is stable during storage, this sulfur content has been shown to be sufficient to fulfill crop sulfur requirement (Eriksen et al., 2008) . However, the high content of inorganic S in the acidified slurry potentially leads to development of odorous volatile sulfur-containing compounds (VSC) such as hydrogen sulfide (H 2 S), methanethiol (MT), dimethyl sulfide (DMS), and dimethyl disulfide (DMDS) (Le et al., 2007; Eriksen et al., 2010) ; all compounds with very low human odor detection thresholds (O'Neill and Phillips, 1992) .
Sulfur cycling in slurry during storage is a largely unknown area, but the cyclic pathway proposed by Higgins et al. (2006) for the production and degradation of VSC in anaerobically digested biosolids appears to be useful for also describing the S cycling in pig slurry (Eriksen et al., 2010) . From this conceptual model four mechanisms are responsible for the release of sulfur-based odor: (i) biodegradation of amino acids cysteine to H 2 S and methionine to MT, (ii) methylation of H 2 S to MT and MT to DMS, (iii) oxidation of MT to DMDS, and (iv) sulfate reduction to H 2 S from free sulfate. Accumulation of any
